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(54) Impadonee l9odb9eic monHor for 9i9ctro9urgic9i InslninMnl 



(ST) An impadanca monitoring daviea is pr^hded lor 
monilonng the alactrical impadanca of tl^ti^ as it is 
treated wUh alactrosurgicalanargy. Based on a predicted 
model of tissue impedance and a number of initial im- 
pedance readings, the impadance at w^ich tissue treat- 
ment is completed is predicted More paiticuiarl/. a min- 
wnom mnpedartee level is mieasured and a function d the 
minimum impedance is used todetermirie impedance at 



which coagulation is complaiad. A conlfol davioa is pro- 
vidad for Mnoing the output of lha ganarator wimn an 
opfirrtum range based on a ayslarh load cunw. in one 
embodiment the impadanca monHorlng davm is used 
in conjunction with a bipolar alectfbeurgjeal mstrumanl. 
Preferably, the instniment comprieea alaetricolly oppo* 
sMe electrodes localad on one or mora tissue engaging 
surlaces for engaging liasua to be traatad. 
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Ooscclptlofi 

^•ki of th# In Vfitkan 

This invention relatas io electrosurgical tissue treat- 
ment, and in particular, to a memod and appatatus lor 
controlling the electrosurgical treatrrtent of tissue by 
measurir^ impedance oi the tissue being treated by an 
electrosurgical device 

Backoroiiwd of tha Invewtlon 

Electrosurgical generalors are used to deliver ther- 
apeutic electrical energy to surgical instruments. These 
instruments are usod for asiample. lor cutting, coagula- 
tton. tissue welding, ablation, and dissection. Both mo- 
nopolar arKJ bipolar generators typically Supply electro- 
surgical energy m the radio frequency IRF) range toisuch 
snslrumanu. Usually such generators include controls 
that regulate the voltage and^or currant so that a select 
power level is approxiniately dslivered md a inaximum 
power level is not exceeded. 

^^Afhsn such ^ generators are used, the primary 
icontrol is the experlertea of ^ surgeon who responds 
to iMhitt Is observed to be happeriing to 1^ 
treated wiSi the RF eneffgy. Often. particularVtor endo- 
scopic procedures, strgeons carwtot readily sas wtiat is 
happening tp the tissue, Also, the change in tissue prop- 
erties due to the RF energy may oeeui' fo^quipkly so as 
r)ot to afford tirno for the surgeon to rea^ sqon enough 
to turn off electrical energy to the mstnifnent All a result, 
some problems which may occur Include tissue charring, 
sticking of tissue to the electrodes of the surgical instru- 
ment, and ever or under treatmem of tissue. 

It has been recogniied that the tissue impadan c e 
changes as RF energy is applisd to tfta tissue. Allempis 
have been made to control ttie power delivered to the 
tissue as the tissue imp eda nce changes. For example, 
curreru has been corvtroUed based on the change in the 
voltage or the power delivered by the genemtor to tissue. 
The difrerervtial quotient of tissue impedartce as RF pow- 
er is applied to the tissue has been used to determine 
an initial power level and to switch off RF power when 
the differential quotient of impedance reaches a preset 
value. 

NotwNhstanding tr^ese control arrar>gements. there 
is a continuing need tor improvement in the control of 
electrosurgical energy deliverance to the tissue anc^ 
determination of when tissue treatment has reached an 
optimal level. 

In particular there ts a need to provide a device arKi 
method for detemtining the end pomt of coagulation tor 
a variety or a range of tissue impedance, due to. e.g.. 
varying tissue composition, tissue types and treated tis- 
sue an 



Summery of the Invention 

The present mvemion provides an impedance mor>- 
ftorirtg device ant^ method which monitors the imped- 
s ance of tissue tMiweert poles of a therapeutic electrosur- 
gical instrumani Based on a model of expected tissue 
impedance behavior over time with the deliwerarM of 
electrosurgical energy.- the monitored tisstie impedance 
IS used to detaimine tissue status. This win bs descrttted 
m more detail t>elow. A sigrtal Micating status of tissue 
IS providsd aShar to a user or to an msifumant oofitioler. 
Tha davica may also indudo a swSch which automati- 
cally turns off tha alectfieal snergy when treatment is 



IS 



20 



In aceonlanea with tlie pressnt invention, a tissue 
monitor is provided which continuously 
measures tissue impadance as eleclncal energy is de- 
livered to tissue. A u ooidiny to known tissue imped»tee 
models, tissue snipedanca inSially drops as alselrical en- 
ergy is applied and then begins to rise again as ooagu- 
latkin occurs. Tha present Imrention provides for estab- 
lishing a yi^ue tor the mininnum impediaHrioe. ie.. when 
the impedslhca is at to lowes t value as tta nsrieiiiy is ap- 
plied. Thei^. tha «npedaneai««kie antieipa^ to provkia 
fHe desirs|l tissue aftoet is ttsiemtined by calciilaiing a 
selected function of tha ataablished minirnum irrped- 
ance. When the measuiad impedance risea to the level 
of the impsdartce value for the daslred restili;' S.g.. co- 
aguia^on. ttssue we ld k t g or a level of dlathermjjr. the in- 
strument wil indicate or pftawkle a response for such 
everrt. Tha praasnt InvaniiQn is preferably adapted so 
that trie ooTHil t ion is tietecled for a range of exp e c t e d tis- 
stie impedances which varies aooording to tissue type. 



in a preferred em b odiment 
tkxi is wfwre 



is oomplated. When iIms point 



The present invention relates to a device and meih< 
od of the type deecnbed in EP-A-0 640 31 7. 



trol unit or to the user, at which time the anergy supply 
is swftcfied off. The feedb a ck signal may. for example. 

^ provkto a visual, audible or tactile signal to a user, anchor 
may provkto instructkxis to a control unit toatitomaticaNy 
turn off energy supplied to the tissue. 

Optiortatty. the device may also include a switch, 
adapted to tum off electrical energy when a sr>on circuit 

^ corxMion is detected, when an open circuit condition is 
detected or when the device is on, i.e.. supplying current 
or voltage for a preset maxHnum amount of time. 

In accordance with one aspect of ttte present inven- 
tkan. an electrosurgical apparatus for coagulating tissue 

so during a surgical procedure comprises en end effector 
with opposing interfacmg surfaces which may bs ctoeed 
towards each other to ertgage tissue to t>e electrosurgi- 
caNy treated. Preferat>ly the end effector includes first 
and secoTKS e lem en ts movable relate to one anomer 

ss for engagirig tissue to t>e coagulated therebetween. At 
least orte of the elactficat poles of the instruntsnt is com- 
prised of an eleetrode associated with at least one of the 
liret 
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with the tissue to be coagulated. A power controller re- 
sponsive to a po^ver corrtrol signal provides RF energy 
to the tissua contacting electrode(s) of the first and/or 

second elements. 

Impectance measuring circuitty Is coupled to the RF 
generator outpU and measures the impedance ot the tis- 
sue tsetween electrodes corresponding to the first and 
second poles. Feadback circuitry is coupled to the im- 
pedance measuring circuHry. The feedbacK circuitry in- 
cludes a first device for determriing a minimum imped- 
ance value and Holding said mmimum impadar>ce value. 
A second daihea providas a threshold detennining circuit 
couplod to the first device. The threshold determinir>g cir- 
cuit detarrnines a threshold impedance value as a func- 
tion of tha held rwnimum impedance value. 

The threehold determining circuit may comprise an 
analog device for determining the function of minimum 
' impe<tence or a digital circuit including, lor example, a 
look up table for determining the threshold impedance 
value based on an input minimum impedance value. 

After a thr^thold value has been determined, a first 
comparator compares the measured impedance value 
to threshold impedance value and generates a power 
control sigr^al to the power controller to control the RF 
energy deliyarad to the tissue upon the condition of the 
measured irhpedarice value exceeding 

pedarvce^ue. 

A power controller may ir^clude at least one electrical - 
switch for aaleetively suf>pV*ng RF er^ergy to the instru- 
ment to coagulaf a tiseua positorted bet¥M>en the first 

second el e m ents. 

Tha power controller may selectively switch off the 
power suppKed to the tissue under a number of condt- 
tiorw. The controllef may be used to switch off power 
when the measured impedance value exceeds the 
threshold impedance vahje. when an open circuit condi- 
tion or a short circuit corxiition exists, or if voltage and 
current is supplied for a period of Ume exceeding a max- 
imum 

ArKnher aspect of the present invention provkies a 
control device for bringing the er>ergy output of the gen- 
erator within an optimal range delermiried by a system 
load curve. The control device uses measured toad im- 
pedance to determine the desired er»ergy ls*vel output 
and compares the desired energy output to the actual 
energy delivered to a target including tissue. The control 
device takes the resulting comparison and controls the 
generator output accordingly. 

Although trie instrument may be a morKipolar device 
or a multipolar devk:e mckiding two or rrwe lhan two 
PQies. the erKl effector preferably includes two electrical- 
ly opposite electrodes corresponding to two eleclrwally 

opposite poles. 

In a^e preferred bipolar devkie. electrically opposite 
elaetfodes of each of the poles are iocatad on one or 
botftofthe opposing surfaces. Each of the tkat and sec- 
otkI eleclnealiy opposka poles comprises at least one tie 

Thtm •lectrodes are a 



on the distal erxl of the electfosurgtcal device so that 
when the first and second eterrients ck3se together to en- 
gage tissue, opposite electrodes are located between a 
portion of the er>gaged tissue. The impedarice monitor- 

5 ing circuit monitors the impedance of the tissue between 
Ihe electrodes durk%g the delivery of RF energy throu^^ 
that tissue. As descht>ed above a minimum impedance 
is measured from whkrh threshold tmpedfltfice is catou- 
lated. A comparator compares the measured Impedance 

to values to the determined threshold impedance value and 
generates a corttiol signal to switch off the RF power de- 
livered to vt%B tissue, upon the condition of measured kn- 
peoance value exceedktg me threehold knpedance val- 
ue. 

15 In OTM preferred embodvnent each of the electrodes 

corresponding to the first pole are offset with respect to 
the inlertacihg surface from each of the electrodes cor- 
resportdkig to the second pole. In other wbids.ihe elec- 
trodes are offeat from each other so that they are not 
2o diametrically opposed tram each other on krtarfacmg 
surfaces or tr>ey are separated and kisulalad from each 
other on lt)e same surface. 

ki the preferred ernbodiirhsM the e«e^ 
strument oompressei tissoe in a obinpression m be- 
2S tween the first interf acir^g aurfaca and the seodrfd kner- 
f ackig surface and appliM electdcai energy through the 
comprasskan zone. Mora prafaiably. the cxvnpresslon 
zone is an area defified by a cornprasskJO f kJga^on orie 
of the interfacing surfaces which coriip^^ 
30 against the other interfackig suilaisiii Alticrt«lveiy or ki 
addition, there rrtay be a cpmprtsaakm ridge on bolh w%- 
tertacing surfaces. 

On9 emtjoidiment ktcludes a ciittkig etament asso- 
ciated with an erKl effector. The diMkiQ el«riw^ is ar- 
ranged to cut tissue at or near Via coagUatidn Sfla. Pref- 
erably, the coagulatksn is ooiiipfatad prioir to any me- 
char)k:at or other cutting at or arourkS the opajBUlatkan 
ske. Once tissue is coigulatad or^autarized, the euttktg 
elemertt may be used to cut through the coagulitad tis- 
4o sueorbetWaan twdzoriaedf tisatjacoagiikitiori. 

In another a m bocinf w rit the hafhostalic devba la kv 
corporalad krto a ftnear cuttar aknilar to ft Ikiear cuttkig 
mechamcal stapler. In this embodknent the hernostatk: 
devbe comprieas tim subetanliaiy paralM and alon 

45 ed atoctioda bars which are a s so ckrt ed wkh oria pole, 
and a alol tor cull«Q nnaana to travel t>etween tha bara. 

Optksnaliy one or mora rows of ctaptes rnay provlda on 
each skle of the stot and bare to piovkie addktonat he- 



50 



In opetatkxt. tissue is dwiped between two |av« of 
the mstrurnent, «xJ electrical energy ki the form of radto 
frequency r?*^') energy is supplied to the compressed 
tisaue to coagulate or cauterize btood vessel alor>g the 
two substanttaNy parallel bars. Based on the i mped anca 
ss modelkig of tr>e device with this epecifk: electrode con- 
figuration, an ^sproprlate fundian <^ the minknum wn- 
pedance is ir^coiporated into the wnpedance fae<feack 

eireuit *q SmtmnwHn^ an aooroonan 



•/ 
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{•vol. A warning mecKanism is used to warn the user 
when the impedance is out of range or exceeds the 
threshold irrpedance level. Also the warning signal may 
be directed to a control circuil or power controller adapt- 
ed to then provide an appropriate mstaiment response, 
ir^uding where appfopnate lotum off the RF energy de- 
liverad to the tissue. 

In accordance with another aspect of the present in- 
vention a method of operating a^aratus for electrosur- 
gically treating tissue durir^ surgical procedure is pro- 
vided. Accordingly, a preferred method comprises the 
steps of: applying RF energy tp tissue to be electrosur- 
gi^liy treated by means ol an electrocurgical inatru- 
ment; nieasurirtg the impectortce of the tissue between 
electrodes corresponding lo two poles of the electrosur- 
gical instrument: generating tt>e ifnpedance signal rep- 
resentative or the impedance pf the; tissue; and control- 
ling the RF er^rgy applied to the tMectrosurgical instru- 
mervt in response to the impedance signal. 

The step of controNing the RF energy applied to the 
electrosurgical instrument rnay comprise the steps of: 
determining arid holding rninirnum vnpedanee value: de- 
termining a threshold irhpedance value based on a furv:- 
tion of the rnnimum impedance value; comparing meas- 
ured impedance values %o the threshold impedance val- 
ue; and generating a control signal to control or switch 
off. the power of the controller upon the condition of 
measured impedar^e value exceeding the threshold im- 
pedance value. 

In accordance with yet another aspect of the presoni 
invention, a method of operating an electrosurgical ap- 
paratus for coagutatirtg tissue during surgical procedure 
coiTiprises ttie c4: providing an electrosurgical in- 
strurnent having an end effector oomprisir>g thb first stkI 
second tissue engaging surfaces, at least one of said first 
and secoTKi tissue engaging surfaces indtidihg thereon 
a tissue contacting •laetfode. assoctatad with a first pola 
Of an electrosurgical system and at least one of said first 
and seccxidtlssue engaging surfaces containing thereon 
a secorxf tissue contacting electrode associated with a 
second pole of the system; engaging tissue to be coag- 
ulated between tr>e first ar>d second tissue engaging sur- 
faces; selectively controlling RF energy s u pplied to the 
first and second tissue contacting electrodes for coagu- 
lating tissue posMioned therebetween: measuring the im- 
pedarKe of the treated tissue: determining and holding 
a minimum impedance value: determinir>g a threshold 
impedance value based on a function of the minimum 
impedance value; comparing measured impedance val- = 
ues to the threshold impedance value; and controlling or 
switching off the 1^ energy c o nnec t ed to the first and 
second electrod es upon the c onditio n of the measured 
i m p ed a h c e valuii exceeding the threshold impedance 
value. 

Other objects ar>d advanlBges of the invention wiM 
apparent from the fblknMr«g descnpCion. the accompany- 
ing drawinge and the loidwirig claims - 



Brtef Deecrfotlon of the Oratwinae 

Fig. 1 IS a side view of a bipolar endoscopic electro- 
surgical instrument operable in acoordarrce with the 
s present invention; 

Fig. 2 is a partial cross^ectional view of the distal 
end of the instrument of Fig. 1 in an open position; 



IS 



20 



25 



30 



Fig. 3 is a panial cross-sectional view of the distal 
end of the irMtrument in Fig. 1 in a dosed, unfired 
position; 



Fig. 4 is a partial cross 
end of tfie instrument in a 



view of the distal 
fired position; 



Fig. S is a front cross sectional view of the distal erxf 
of tr>e instrument of Fig. t along the Mrw 5-5; 

Rgs. 6^9 represent a scfienvitic block diagram of a 
microprocessor coritFOned impedance monitoring 
apparatus for contioling the RF eneitiy deinrWed by 
electrosurgical ststrumsnt of Figure 1 i 



■». V 



Fig. 10 is a schernatic block diiij^im;^^ an analog> 
embodiment of ma controller for use jri the appara- 
tus of Figure 1; 

Fig. 11 isa togicdtagrarnof 6tacoritrolier <)f 10 
illustrating comrol lbgic for RF out^ control; and 

Fig. 12 is a characteristic curve illuetratir>g the 
change in vnpedanee over time during application 
of electrosurgical energy to tissue usir^ the electro- 
surgical instrument iStistrated in Figure 1 . 



3S 



Qatalled Deeerlotton of the inveittion 

White the present invention is generally appicable 
4P to a variaty of slsctrosurgicai instriilfiailiilt both monopo- 
lar and multipolar, and taidfe ckjiiyef it ional artd ertdoscop- 
ie. it wWbedeicfibadfierei^ 

Ttie primary purpbie of tha' impedahoa hmitoring 
45 devfca 1^ to detefmirie when tha tiasiie has been treated 
loadMiraddegraa. Pral a r a bty INa tfaatmeht iicomplet- 
ed when ttia tissue hae been cauterized artd tselore ex- 
cessive tissue Slicking, burning or charring ddliura. The 
impedaiKa of ilsaiie as it is being healed with alaciro- 
so surgieai aneihgy generally toNe 

impedettee curve. A cc ording to the 
generally the irhpedance win de^iiase. arrive at a mini- 
mum value, and ttien rise as coagtiiillion aridtissue des- 
iccation occurs. At an impedartca or within a range of 
impedances on a characieristic cunre. coagulation will 
predictably occur. 

FIgtMe 12 is a characteristic impedance curve ilkis- 

IratinotHai 
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the application of electrosurgtcal energy using the elec- 
troeurgical instrument illustrated in Figs. ^-S. The 
present inventicx> determinee a threshold impedance on 
the curve at which coagulation has occurred. Z^^^^ 46. 
This impedance is based on the value of the lowest Im- 
pedance on the curve. 45. i.e . when tne impedar>ce 
has stopped falling and begins to nse. A function of the 
minimum impedarKe /(Z^^) is used to appfoximately 
predict a point at which coagulation occurs. Z^f^i AS 

Referring now to Fig. 10 there is illustrated a sche- 
matic block diagram of an ar>alog embodi m ent of the im- 
pedance rnonHorir^ device of the present irwenllon. The 
impedance monitoring device determines wt'ien coagu- 
lation IS complete as weH as other instrument parame- 
ters, for example, if there Is an open circuit, stioft circuit 
or if voltage and current is supplied to the tissue for more 
than a predetermined maximum amount of time. Such 
conditions may irKlicate a problem with the instrument 
and^r tissue engaged by the instrument. For example, 
if excessive, rnst erxMigh. or inappropriate tissue is en- 
gaged by the instrument. 

The instrument 10 is posftiorted to engage tissue to 
be treated. Then, vvhen appropriately positioned., RF en- 
ergy ts supplied to the tissue. 

A gerveralor 70 supplies RF energy to the tissue en- 
gaged by the end effector 15 of the instrument TO. Pref- 
erat>fy. X to 200 volts RMS at a fundamental frequerKiy. 
preferably of a sinusoidat waveform at a frequency of 
at>out aoo Khz to 3 Mhz ts supplied with acurrent of about 
O 1 to 4.0 arnps. The generator 70 is turned on by a user 
operated switch 42. The user operated switch 42 pro- 
vides a signal to the oontrofler 79 to turn on the energy. 
The output 129 of the cohtrolter is coupled to an analog 
switch lao. When output 129 provides an *RF on* signal 
to the switch. 1 30. an osciiator 72. coupled to an artalog 
multiplier 75 through the switch 130. supplies a vottage 
at a known frequency to tho analog multiplier 75. The 
output of the analog multiplier 75 is coupled to a driver 
76 which ts coupled to the input of an RF ampimer 71 . 
An amplffied RF signal is supplied by tt^ generator 70 
to a circuit 60 which irtdudes the first electrode 39 and 
second electrode (anvil 1 8) of tf^e instrument 10. and 
the tissue 43 to be treated by the instrument 10. 

The current and voltage delivered to the tissue is 
measured ar>d an RMS current (1^,45*) and an RMS volt- 
age ('Vf^Ms') is determined. 

A voltage and current sensor 6 1 serwss the current 
and voRage defivefad 10 the tissue. The voltage and cur- 
rant sensor 81 irieludas a low impedance current trans- 
former 82 in series with the genaralor 70; and a high* 
irripeaance voltage transformer 83 oorwieqted in parallel 
acroee the generator 70. Preferably the current trans- 
former 82 has. for .aacampla. a 1 :20 winding ratk> and a 
SO ohm reeistor in parallel with the secondary of the 
transformer. Prefaiably the votage trarisfoimar 83 has. 
for example, a 20:1 windirtg ratio and a 1K ohm resistor 
in parallel with the second a ry of the trandormer. 

The output of the current tfansformer 82 is couoled 



to an RMS converter 84 The RMS converter 64 converts 
the sensed curreni to a DC signal to provide output 86. 
representative of i ams- output of the voltage trar%s- 
former 83 is coupled to an RMS converter 85. The RMS 
5 converter 85 converts the voltage sigruil into an OC sig- 
nal and provKie output 87, representative of V|)|^3. 

The measured impedance. Z, is then cak:uiated 
from the meastjred iRMs^and V^ms- ^® otitputs 87. 85 
of 

^nMS ^d tnMs are supplied to an analog divider 88 
10 which divides the V^ms lay the current I fgyi^ to provide 
an output signal 89 representative of the measured im- 
pedarKe. Z. 

From the ^mjis* ^iiMS measured impeciarwe. Z. 
the impedar)ce monitoring device determines wither a 

IS short circuit or open circuit oondftkx) exists, whether volt- 
age and current tuw been deliverad for an amount of time 
exceeding a predetermvied maximum, and whether co- 
agulatnn IS complete. 

A short circuit condition is determined by comparir>g 

^0 the measured impedfiwica. Z. to a predetermined short 
circuit impedance threshok^ at or t>ek>w which short cir- 
cuit is likely to exist rZ^c*)- If Ihe measured Z es at or 
below the Z3Q, a short circuit signal is provided to the 
controller. 

2S The innpedance signal 69 is input to a short circuit 
detector 90 composed of a comparator. The positiva in- 
put 92 of the comparator is connected to a potentiometer 
93 which sets the threshold impedance. Z^c- When the 
impedarKe signat 89 catjsas the input at the r>egatAfe 

30 input 94of the comparator 91 to t>e lower than that at the 
positive input 92, an *on* condition occurs at the cMitput 
95 of the con^aralor 91. This condition is comrrHmieated 
to a togic controtter 79 which provides a preprogiammed 
instrument response, which, in this embodimant, in- 

J5 eludes tuming off RF energy. 

An open cxcuit condition axtsts if there is a voltage 
between tfie electrodes 18. 39. and no current An open 
circuit is determined as follows: If Ihe VyiMS I* ■bova a 
predeteimined mirMmum thraehold indicating a VoRage, 

40 V^^,».andthelfiM,isbalowapr«determMdfninirntim 

current threshold indicflling a currant isimafi' ^ 
open eireuil sigr>al is provided to a conlrollar: 

A currant threshold detector 106 includes a pOlanti- 

ometer 107 coupled to the i^egatlva input 106. The po* 
45 tentkameter 1 07 sets the ^thrmn ^ when a cur- 
rent is present, the currant detector 106 win indicata as 
such. ThelfiM^signal86isconnectadtothapoeilivisiii* 
put 109 of the comparator 106. TTnia. when the Ipi^a 
greater than the vakie. l|hM«ii* ^ potentiometer 
^0 107, a positive voltage appears at the output 110 d the 
curreni threshold detector 106. 

SimHarfy. a voltage ttireshold detector 113 includes 
a potentiometer 114 connected to the negative input 1 1 5. 
The potentiometer 114 sets Vie voltage threshold at 
55 whKh the ihreshokJ detector 1 1 3 registers a positive out- 
piA* when a minimum voltage is present. The 

VrtMS ^raf is input to the positive input 116 of Ihe 

thrttshotd <lat«eter 113 THu*. If tf%m V, 
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^ihrMi% set by the potentiometer 114. a positive vottage 
will appear at the output 1 17 of the voltage threshold de- 
tector 113 

The output 1 1 7 ot the voltage threshold detector 1 1 3 
is also coupled to an AND gate 111 arnl the output 110 
of the current threshold detector 1 06 is coupled to an in- 
verted input 11 2 of the AND gate 1 11 The AND gate 1 1 1 
acts as an open circuit detector When the V^ms exceeds 
the V,n^^ and where the I^ms does not exceed l^,»„ 
a logic 1 win appear at the output 120 of the AND gate 
111 ir^icatirtg an open circuit. The output 1 20 of the AND 
gate 1 1 1 is coupled to the controller 79 to communicate 
the open arcuit statue. 

If current or voltage is supplied an exterxied period 
of time and a coagulation complete condition has not 
been. detected. It rrvay indicate, tor exampls. that the in- 
strument IS not clamped on tissue or that a malfur>ction 
has occurred, if the is above the predetermined 

^mmwh or the li^^s above iihi««H* a timer is turr>ed 
on. if the tinner is on for a penod of time greater than a 
predetermined mammum amount of time. T„^. then a 
t«ne over signai » provided to the cantfoHer. If the dura- 
lion of the tffner on is not greater than T^^ then the de- 
vice continues io supply RF current to the tissue and con- 
tinues to measure current, voltage and impedance, etc. 



The output 11 0 of the current threshold detector 1 06 
IS coupled to an OR gate 1 18 vvhieh is coupled to a timer 
121 If the Irm^ exceeds the iti«Mi»* <he output 110 of tl^ 
cun'ent threshold detector 106 wiH preeent a logic 1 to 
the OR gate 11 6 wihieh will then turn on the timer 1 21 . 

Similarly the output 1 1 7 of the voltage threshold de- 
tector 11 a is coupled to the OR gale 118. If the yf^rmmh » 
hy V^^, the OR gate 118 wiH present a logic 
1 at its output 119 and turn on the timer 1 21 . The output 
123of ihetimar 121 iecoupladlotheconlroller79. When 
the timer 121 has been activated for an amount of time 
that exceeds a preset threehold lime, T^^. the output 
123 wiR l>e a logic 1. The timer Is reset with the user ac- 
tivated switch 42 wtiich is coupled to the timer reset input 
122. Witten the instrument 10 Is reset 

A coagulation complete condition is determined as 
follows: First. is delemtined. TYten. a target vnped* 
ance at which coagulation is complete. Z,.^^ s calcu- 
lated as a function of the minimum impedance The initial 
impedarwe, Z,«bi* ^^^mr^mt* of the impedarice curve, 
and time to complete may vary for a given application 
and/dr irtsirumens. but tend to correlate to a function of 
minimum impedance. Depending on tfie instrument used 
and/or the actual desired result, the actual furKtion of 
minimum impedance may vary. In tNs particular embod- 
iment f(Z^,n) is lir>ear: f(^^) = 0.2Z ^ 500 This fuiMStion 
IS t>ourKj. I.e.. where is > 560 ohms, then is 
Z^m SO ohms. f(Z^) may be a dtfferent function. It 
may t>e contnuous. non^eontmuous. linear. r)on-lin»ar. a 
piecewise approximation arK^ in the form of a look-up 
table. I(Z^} may also be bound at different values 

The impedance signal 89 is used to datermina tissue 
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coagulation as follows: First, a determination is made 
whether the measured Z is a minimum imoedance Z 
The impedance sigr>al 89 is inverted arn^ offset by a gam 
offset mvener 96. The output of the gain offset inverter 
96 is in turn is coupled to a pealc detector 97. The output 
102 of the gam offset inverter is representative of an in- 
verted arvj offset meast/red Z. i.e.. (-Z+k). Z„^^ will r>ow 
be the highest offset value of (-Z ^ k) encountered. 

The peak detector 97 thus detects and hokSs tf\e 
highest value of the inverted and offset measured imped- 
arKre. Z. whk:h is Z^. When has occurred, the out- 
pt4 103 o4 the peak detector 97 is representative of (-2^j„ 
k) RF energy is continued to be applied lo the tissue 
and the monHofing for short circuit, open drcuit ar>d tlnr>e 
over as well as looking for a continues until a Z is 
equal to Z^^,. 

When the Z^;^ has been detenrmrwJ. f unctkyi of the 
2m«. (KZ^ J> is cakjulated to provkle a impedance. Z^, 
g«t* at which treatment (coagulation) is completed. The 
output 1 03 o< the peak detector 97 is coupled to a thresh' 
okJ deteimtning circuit 98 which cakn/lates the function 
of Z^ to detenmine the Z^^,. The output 99 of the 
threshokd determining circuit is representative of ^Z^^^, 
when the measured impedance is equal to Z^. 

A corUinuoue comparison is made between Z arKt f 
(Zmin). It shoukJtM noted here that f<Z^) is cxMttinuously 
calculated as f(Z) until a Z^m » c^^c^i^. 
son is continuously made t>etween Z arKi f (Z) until Zmm 
is cfeteimined. This does not have a significant tonee- 
quenda. however. biMcaii^a It is ankcipaled that f(Z> will 
be larger than Zduring tissue tfeatmerii and a premature 
coagiiilatibn cofiipiate sIfpBl therefore WiH n^ 

If meaiurad Z is less than or ec;|ual to the Zf^i^i then 
eriergy cdntinuad to t>e suppied arKf steps de- 
are cairied out unlila signal has been pro- 
vided to ItiacohtfoNer that there is an open ciretiit signal, 
short circuit signal, a time c^er signal, or a coagulate 
complete signal. If the measured Z is greater ttian cf is 
«^<V8tio itten a signal is provklsd lo the controller 

thai coagulation has been completed. AgainU ie fwled 
that in fhb embodirhertt. Z has been inverted aiid shitted 
in order toaccohmodataZ^ deterrnination via the peak 
detector 97. The impedance values referred to in this 
paragraph are the actual impedance values 

The output 99. Z,ay^ of the thrcMihdkl determining 
circuit 98 is coupled to the positive input 101 of a com- 
paretor OP amp 100. TYm output 102 of the giwi offset 
invertisr 96 Is coupled to the negative iri^ 104 of the 
comparator lOO- The comparator lOO cornparee the -Z 
k representative vakia which is input to the nej^ive 
mput 104^01 the compatator 100. to the Z|^«^( represent- 
ative value which is calculated as a function of *Zg^ ^ k. 
If >Z k ie less trian or equal to the Zf^^g^ the comparator 
output 105 WiH be poeHive. That is. if the measured Z is 
greater than ffZ,^), a coagulatnn complete eignal will 
appear at thm output 105 of the comparator lOO 

A signal is piovided to a controller kx each conditksn 

ind«catjr%o wHeffher or ««ol m qm 
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the existenco of one or mora of masa conditions the f=)F 
energy is auiomaAically turrMd off by the controller Fig. 
11 illustrates Hhm system logic of the controller 79 The 
controllar 79 incltJdes a short circuit input 1 24. a coagu- 
lation complete input 125. an open circuit input 1 26 and 
a twM out input 127.. as well as a reset Input 128. The 
conUoller79 also ir^udes a RF control output 1 29 which 
swUehes or) arKltor oft the RF generator delivery of elec- 
trosurgicat energy to the tissue. As long as the output 
129 is a logic 1. the RF is on. The output 129 is a logic 
1 when coagulata complete 125. time out 127, short cir- 
cuit 124. the open crcut 126 and the reset input 128. 
are all at a log^ *0* . if any one or more of the Inputs 1 24 . 
125. 126. 127: 1 28 are al a logic M 'theRF control output 
129 is a logic "O* and Hie RF is turned off. 

A ^m^Bned embodiment provides a control device 
which controls the generator eriergy output tascKJ on 
load impedance. The load impedance is used to deter- 
mme a preferred energy level, e.g., voltage, current or 
power level. Isaeed on ftspaeiie sys^m load curve for a 
ger^rator. mstrumeht andi^ applieation. The conUol de* 
vice then compares the actual erMrgy level for the meas- 
ured impedance with the destred er^rgy level and ad- 
juste the gerieratofoirtput^ocordirig lo ttie d^^ be- 
twaen the two, i.e.. preferably to mihtmiz# the difference 
between the two. 

The specific toad^ priekfef^bly .reflects the volt-: 
age. current.. power, for^a range ?Qff^impedarlce thai wiM 
optimize performance of the in^rument: The load curve 
may have various forms, for example, it may be contin- 
uous ormay be stepped. The load curve may vary from 
generator to generator, for a particular instrtjment in use 
¥Mth the generator, or for a particular eleetrosurgical ap- 
plication of the generator. For ewsTfiple. in a one embod- 
iment using an instrurnervt.such an deserit>ed herewi. 
three impedance ranges have been identified at which 
different energy requirements exist: Initially tissue im- 
pedance is in a lower rarige. e.g.. appcoximateiy 20 to 
100 ohms. In Vtim lower rar>9es. more current is required 
to provide erKxi^ power to initiate. tissue coagulation. A 
second, mid-range of impedances, e.g.. approxtmately 
1 0O to 500 ohms, requires enough power to maintain the 
coagulation process. A third range of higher vnpedances 
typically occurring towards completion of coagulation, 
e.g.. approximately 500 ohms and above, requires the 
voltage be Mmited to prevent sparking and tissue sticking. 
Thus the system load curve in this emtxxjiment would 
reflect txsth the inherent characteristics of the gerwrator 
and voltage output avwhich optimum power is delivered 
for a particular vnpedance. as welt as the specific power 
requirements for a predetermined instrument and appli- 
cation. 

Referring to Fig. 10, a generator with a servo loop 
control device, is illustrated. The impedance signal 69 
and the voltage ^9^'^ 87 are fed back to the gen- 
ecalor 70 through a control device wtueh comprises a 
functnn fitting (feviiee 61 and an error amplifief 62. The 
con^ol device causes thm oenerator 70 to oioducQ von- 



ages within a desired range based on a toad impedance 
fit to a specific toad curve. 

The irr^>edance 89 is fed to a function fitting device 
61 . The output 64 of the function fitting device 61 repre- 

s sents a desired voltage t>ased on the input impedance 
69. This desired voltage function is the voltage required 
for the generator 70 to produce a panicular. pre-deter- 
mmed load curve. Desired voltage output 64 along with 
actual voltage is fed into an error amplifier 62. The output 

10 65 of the error amplifier 62 represents an error voltage 
which is fed into an analog multiplier 75 through a diode 
77- 

Alterrutffvety. current, power or another er>ergy pa- 
rameter may be used to control the output of the energy 

IS source or generator 70. A signal corresponding to im- 
pedance of the target is mput into the function fitting de- 
^ vce which provides a desired current.- power or other en- 
ergy paramiMer output, which is then compared to the 
rfm»ured or calculaied current, power or other energy 

20 parameter. 

The diode 77 ensures first quadrant operation of the 
analog multiplier 75. The analog multiplier 75 functions 
as an amplitude modulator of oscillator 72 such tfiat large 
error voltages at output 65 resutt in large outputs from 

25 RF anplifier 71. And small error voltages of output 65 
result m smaller output from RF ampHTier 71 . Thus. 
. generator 70 acts as a c:losed-loop servo system fciased 
on voltage such that a desired toad curve is obtained. 
The loop compensation device 63^ acts to statiilize the 

3o servo loop. If an electrical paramMer other than voltage 
is used, the form fitting ftmctlon preferably outptM a sig- 
nal reflectMig the difference n the alternative energy pa- 
rameter. 

Referring now to Figures 6-9 a fkm ctmt illustrates 

3S a method for carrying out a microprocessor controlled 
embodiment of the present invention. When the system 
is turned on (block 200). the variables indudtr^ Z^. 
y^ummH*^^*t—h' ^^ <^^' Zinmai. Initialized (tilock 
201 ) The system corrtmues to look for the activatton of 

^o the FtF switch <t>kx:k 202). When trie RF s%vitch is turned 
on. the interrupts are set for RF Switch (btoek 203), for 
Short CircuH (block 204), and Open Circuit (bloek 205) 
so that wfr^en one of these interrupt conditions occur, the 
microprocessor automatically goes to tlie instructions 

45 associated with block 234. 

After ttie interrupts are eel. the timer is started (block 
206). A sequence is run to check the RF amplifier health 
(bkx:k 207). e.g.. to took for an Amplifier On signal or to 
check if certain vottages are in a suitable range. If the 

so amplifier is operating property. RF energy Is turned on 

(btocka 208 and j2Q9). 

^ If the wnpHRer isnot operating correctly, an RF Off 
request is made (btoeks 209 and 210) and a Hardware 
Failur# Alert flag is set <btock 21 1 ). The system looks for 
ss a hardware falkire flag (block 23^. Whan the hardware 
IMufe is detected, the controller provides a hardware 
failure alert indicaiton and shute off (blocks 243 and 

2^1 
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If hardware taiiurd is not indicated (block 233). then 
"^fmm •rn* (block 235) lo determine rt any volt- 

age or current is being supplied by the system (bk)ck 
236). When the system is first initialized, until the instruc- 
tion to turn on energy in block 209 is reached, there 
should be no current or voltage. U there is a voltage or 
current with the BF request off. then there is a hardware 
taihire. A hardware faiiure alert is indicated and the pro- 
gram IS stopped ( bkacks 24i3 and 244). 

If RF energy is turned on (bk^ck 209). then the V,^. 
and are read and the impedance. Z. is calculated by 
dividing the by the (btock 21 2>. The controller 
checks to see if the V^,^^ and l««Mibto 
(block 213). These flags are set when a rrMnimum thresh- 
old voltage is preservt arKi a minimum threshold currer>l 
is delivered through the electrodes of the device, (blocks 
214. 215. 216. and 217): 

If the V^„^^ arxJ I««mm» ^ (213) the soft- 

ware looks for a time over condition to determine if the 
device has been on for a period of time in excass of a 
maximunv If a time over condition is recognized, the tim- 
ar flag is set. RF energy m turned off (blocks 216 and 
219) and a hardware failure check is run (block 233). 

After lookir>g for a time over condition, the controller 
checksifor a short ctrcuit or open circuit condition, tl a 
Short or open circuit exists, the correspondirtg shon cir- 
cuit or open circuit bit is set (bk>ck 220). RF energy is 
turned off (block 221). and a hardware failure check is 
run (block 233) 

The controller checks again for V^^^ and 1^^^^ in 
block 222. before proceeding to the threshokJ determin- 
ing portk)n of the circuit illustrated in Fig. &. If the voltage 
or current did r^ot exceed V^,^ or IthMH in blocks 214 
and 216. the controller iterates the sequence beginnir>g 
at block 212 for deteciir^ time over, short dicult. open 
circutt i.e., the coagulation cornplete detactksn enable 
This artabiM the device to wait until enough correru and 
vonage is daNvared to the circuit to cheek ier tha coagu* 
totiafi coirnpleta conditioh: 

^ "itthe V^^,^^ and Unabi* fla9S aira set. the short ctrcuit 
and Open cifcuft bits are not sat (bk>Bk,2^). and the time 
over condition doas not yat axist (bloek 219). the meas- 
uredlmpedance usedtodetafitiina If coagulation is com- 
plel# as lolkMMs. 

The Z irulial flag is sat dtirbSg the firit itaration and 
ZnMn is intttalty assigned the rhaasiirad impedance valua 
(btocks 223-225). IntUaKy. Zmin ^ as the meas- 
ured impadanoa arid thus block 227 is bypassed at bkick 
226. A calculation is made c/ii^!^) (block228). As kartg 
aa the nrtaasurad impadanoa is le#f than the fii^in)* ^ 
saquanca is Heratad (229. 1^1). In ths next itoralion of 
bloeks'223-231 , the nawly^ maasured irnpedance is com- 
pared to the previous measured impedance which has 
t>een assigned (lilock 226). Ai kang aa Hie imped- 
ance » decreasvig. Z^j^ wM be reassigned the new val- 
ue of the measurad impadartea (bkxks 226 and 227) and 
the steps repeated. When the maasured impadance is 
orester than or «aual to f (Z^..). i « Ifrw tHcMHokt mMd- 
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ance. the coagulation complete flag is set (block 230) tf 
coagulation complete ffag is set, the RF is turned oft 
(block 232) and the hardware failure check is run. 

tf after the initial run through the program a fiardware 
failure alert occurs (bkx:k 233. 236) or an interrupt oc- 
curs, the program deterrranes the cause and irxlk^ates 
as such (t>k3cks 233-242). Tbe V^, and 1^. are read, 
(block 235) If no currarHor voltage is beirtg delivered to 
the syslenrv the controller checks to see If the open cir> 
cult, short circuit or time over flags ttave fc>een set (block 
237). If so then a signal ir>dk^ee which flags have baen 
sat. arid the program is returned to start (blocks 240. 
242). Similarly, the controller chackslorttie coagulation 
corrHjIeta flag (block 239). If there was the coagulation 
complete flag has been sat. it will be indicated for ten 
seconds (block 241 ). if not. It wHt be indicated as not com- 
plete (l>kx:k 240) and the program will return to pomt at 
the start (t>k)ck 242). PrafaraK>ly the electrical connpo- 
nents selected to cany but the steps of Figs 6-9 are 
adapted to providii ai ccviiplata ItanMion of all the steps 
at least every 1/SO second. 

Refarrir^ r>ow to Figs. 1-5 there is illustrated an in- 
strument to be used In conjunction with the irnpedance 
feedback device of the praiser>t invention. An endosoopc 
linear cutting arxJ stapling instrument 10 is slidwn having 
a housing 1 6 coupled to a shaft 30 with a iumen exterxl- 
ing therethrough and an end effector 15 exteruJing from 
the diistal ertd of the shaft 30 The end e^filcior 15 com- 
prises first and second aletnents which are oompnsed of 
interlacing jaw mertibers 32. 34. Jawmerhber 32 is mov- 
ably secured to |aw member 34. The housing 16 has a 
clamping trtggaM 2 for ctoeing jaw membeis 32. 34. Jaw 
memt>ers 32. 34 are shown In an unciarrtped position in 
Fig. 2. in a clamped position prior to irM^urrient firing in 
Fig. 3. and in a clamped position after instrument firing 
in Fig. 4. 

Jaw member 32 comprises an artvil 18. U-shaped 
alactioda 39 axlandino akxig tha lengthrof the jaw 32. 
arKf a U-shaped insulating mttlatiat 31 sunoufMSing the 
outSKfta of Hm silectraida 39. JawmeimlMr 32 has an inner 
stjrtace 33 which iabas an 'mnw stiirface 35 of jaw mem- 
ber 34. The U^shapad alaetrDd* 39 compri s es two alec- 
Ihcally comrhijfiicaiinQ alafctroda bars 27. 28 forming a 
first pole and located on and axlandkig substantially 
akxig the ler%gih of the irinar surlaoa 33. The U-ehaped 
eteciroda 39 is c o rtt j pri a ad of a conductor, such as. alu- 
rvwHim or surgical giada siainlasa staal. TYia bars 27. 28 
ani separated by a knife channel 29 axlending kmgsu- 
dirtaHy throuf^ tha ntiddla of the alectrode 39. Pockets 
36 tocatad oh anvi ifif for ra ca iving staple ends (in lo- 
cated along the irtnar auffaea 33. laiaial lo and outside 
of bars 27. 28. The alaetRxSa bais 27, 2Gi arwl insulating 
material 31 form a ridga 56 axtendirig out relative to an 
anvil portion 37 of the inner eurface 33 (Fig. 5). The alec- 
trode 39 acts as a first pole of a bipolar system. The anvil 
18 is foimad of ait eiactrieaMy oonductlva material and 
acts as a second pole of the bipolar system. electrk:ally 
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talad from the alactrodM by the U*ahaped insulating ma- 
teria) 31 

Btpoiar energy may be aupplied to the end effector 
15 from electrosiirgical generaior 40 (fig. 10) through 
wires 1 9. 20 extending into the body 1 6 <9t the instrument. 
The generator 40 ia:4iser controlled by way of switch 42 
(fig. 10). Wire 19 pfoirides electrical current to the elec- 
trode 39 through etactrieal contact means extending 
through shaft 30. Wire 20 cairnes a ctirrent to the anvH 
18 arvd is coupled to the anvil 16 through an electrical 
contact means extanciing through the ehall 30. The elec- 
trical circuit is closed w h e n and only when Ihe^damping 
trigger 12 is closed. A means o( connecting the wire to 
the corresponding atai^trode as watt as instrument actu- 
ation meens are described in parent application S.N. 
0aA)95.797, ineorpdratad herein by reference. 

Jaw member 34 comprises a cartridge charwiel 22 
and a cartridge 23 ihs4rted into the cartridge channel 22. 
The cartridge 23 InclucMIS a track 25 for wedge 1 3. a knife 
charwiel 26^ miendMigrlbrigrtiidirta^^ 
of the cartridge 23. a meneB of drivers 24 extending inio 
the track 25 and staples 17 arranged in two sets of par- 
allel double rows. Wheri tissue is engaged between 
clamped jaw members 32, 34, a firing trigger 14 located 
on housing 16 ivuiy ba actuated to advarice a ctittlng el- 
ement It through the engaged tissue to cut the: tissue. 
Simunaneously. ^^vhen the firir^g trigger 14 is actuated, 
the wedge 13 is advanced thrbugh the track 25 causing 
the drivers to 24 to displace towards the staples 17, 
thereby driving the staples 1 7 through tissue and into art- 
vll pockets 36. 

In operation, the arid affedior 15 of 
located at a tissue iita v^here tisisue is to be treated. The 
jaw n>embera 32. 34 are opened arid tissue is then 
placed l>etween the mtarf acing inner surfaces 35. 33 re- 
spectively of jaw rrMrnbere 32, clampvig trigger 
12 is squeezed to cause trie jaw members 32. 34 tocloee 
to locate and compress tissue l>etween the intertacing 
inr>er surfaces 33, 3^. The ctosure of the dampng trigger 
12 also closes the el ec tr ical circuit. When the tissue has 
been appropriately situated between the }aw members 
32. 34, a user may apply RF eriergy from the generator 
40 using a user activatad switch 42. Current flows 
through the compressed tissue t>et w ee n the electrode 
39. i.e.. the bars 27. 28. and the anvi 18. 

After the RF energy is turned off. the controlter indi- 
cates the instrument status, e.g., open circuit, short or- 
cull. coegulaliDn c om pl ete, time over. If the coagulation 
oornpMe statue IS indiealed. the firirtg trigger 14 rnay be 
actuated to a d vance cutting element 11 tfwotjgh knife 
channels 2iB, 29 to cut engaged tissue between the bars 
27. 28 «4)ere the tissue has been cauterized. Simullane- 
ously. the firing trigger 14 advances the wedge 13 
ttiiough track 25 to advance drtvoffs 24 to fire staples 17 
through tissue and into poclsats 36 of the anvH 18. Thus. 
thm cut line is lateral to the eoaguiHon fines formed t)y 
ttie bar electrodes 27, 28 and staples 17 are applied into 

of the cuttino af- 



ro 



15 



30 



40 



4S 



ement 1 1 as the cutting element 1 1 cuts the tissue. 

The invention described and the spedfie details and 
it%B mmnm in v^ieh it may be carried out having been 
exemplifted it will t>e readily apparent to those akittad in 
the art that innurMrable variatons, modifications, and 
extertsiorts of the Itasic principles involved may be made 
witttoiit departvig from the spirit and scope of the present 
invention. The impedance feedback system as de- 
scril>ed above is tisad to indicate when stiffident catJtar- 
ization ftas ooctirrad. When coagulation is compMa^ a 
signal may be provided by a oontiollar to a user, or a 
cqnttoHer ftiay ataom a ticaMy turn off the RF enaigy. Oih* 
ersigialsfnay be pro v ided to an instrtiment user as wen . 
For example a tor^e oonajpo nd i rt g lo tfie meaatgad im- 
pedance may be provided.to a user to audfety monitor 
the change In impedance. 

It is also intended that this device- arK^or method t>e 
used with nurrisrous types of electrosurgical instiurnents 
inckiding monopolar, bipolar arkl multipolar cdnflgura- 
tkm. Ttie irnpedaiicafeedlmck system^nay l>e Irtdudsd 
in part or in vi^iole with the actual instrument, as a 
arate t»ilt and^ with tha enecgy soivce or generator. 



CMme 



adapted to 



A control device comprising: 

impedance measuremant circuitry 
l>e c ouple d . to . tissue«coittacttng electrodee 
died with a tisatja4raatirig portibrv of 
tnstniment and to an energy source 
ply therapeutio alectioaufgical.enecgy to 
t r o d e s ; mnd 

energy control signal adafMed to corttfol RF 
s up plied front sakl ertergy source to sakJ 



surgical 
tosup- 



cultry is adapted: 

tomeasure the irvtpedarm of tisstie engaged 
by sa|d tlssiie^raatiriQportkMi of sakl atjrgical irts^ 
rrtent; 

to determine a mirwnum impedance value; 
to determine a target impedance valtie as a 
function of sakf minirniim Irnpedanoe value; 

to compare meastired impedarica v a ki e s to 

saki target Impedance vakie; and 

to aker saki energy oor«fot signal wfien sakf 

sakl target 



2. The control 



of claim 1, wherein saki knped- 



a first 



detarminiftg the 



Hon of said 



tor datonmkikig the minimum 

device for 
value as a func- 
value:and 
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ancfi values to said target impedance value and for 
generating a signal indicating wtiether said meas- 
ured ImpedarHse value exceeds said target imped- 
ance value: 

A control device adapted to be coupled to an energy 
source for providing electrosurgical energy to tissue 
to be treated, the control device compnsmgr 

a liret input for receiving at least one of a first 
signal representttlve of voRage delivered from said 
energy source to said tissue and a second signal 
/epresentatfve of eurrervl delved from said eruirgy 
source to said tissue: 

a seccnd inpu lor receivinig a third signal rep- 
resentative of a target impedance for siiM tissue on 
the energy source, deterintried f iom thi^ ftrst and 
second signals; arxf 

a f iinclion fitting device for providing a fourth 
signal represehtaiiva of desired erMi^gy output 
according to a system load curve, the fourth signal 
corresponding to desired energy output for the tar* 
get load imipedance represented bj^ the third signal; 

wherein said eontfol device is adapted to: 

control energy output by tfte energy source 
based on the third signal representative of the load 
impedar>ce; and 

control the energy source to bring electiosur- 
gicai energy delivered by the erwrgy source to th^ 
target wUhln a range of desired erter^ output based 
on said system load curve. 



An electrosiirgical device for treating tissue during 
a sutgical procedure, the 
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The control disvice of claim 3 which includes a com- 
parison device lor comparing said fouMlh sigruri. rep- 
resentative of desired eneigy output, to at least one 
of said first aiKf second signals; said eonnparison 
device being adapted to provide a control signal for 
conifolling said energy source. 

' ^he control device of claim 4. wherein said control. 
Signal represents a difference between said fourth 
signal and said at least one of said first and second 
sigrtals. 



A generator for providing electrosurgical energy to 
3n elecirosurgical device, said generator compris- ^ 
ing: 

an electrosurgicai energy source lor providing 
electrosurgacal energy to said electrosurgicai 
device; and 

a control device according to any one of claims so 
TtoS. 

w^ierein the control device is arranged to con- 
trol the output or said energy source. 



trodes adapted to contact tissue to l>e treated and 
to cause electrosurgrcat energy to be conducted 
between said electrodes through said tissue; and 
a control device according to anyone of claims 
* 1 to 5, 

wherein trie control device is adapted to con- 
trol the output of said eleetrosurgical energy 
between said electrodes. 

'0 8. An electrosurgicai device fbr traaiirig tissue during 
an electroQUfgical proceduie. the electrosurgicai 
device comprising: 

electricaly isolated first wd second elec- 
trodes adapted iQcofilrael tissue to tie treated and 
to cause electrosurgicai energy to t>e conducted 
bet w een isaid e l ec tr ode s through said tissue: 

an e t ect r os urqi cfl l energy source lor providng 
electrasufgicid energy to said electrodes; and 
tibs, Pf^.9£^^^^^^9x%icinm of davns 

wherem saidoontrpi davice is arranged to con- 
trol ttie output from said electrosurgieal energy 
source to eaid electrodes. 

25 9. the elec^bsyrgacal device of clairTi 7 or 8. wfierein 
eaid first eleetrode is located on cxie of a first Md a 
second elemem and wherein said first and second 
eiemeritjs are moratNe relallye to each other for 
•ngaging tissue trMiabetweeti. 



10. The etectrostirgieal tteviee of daim 9, wherein eaid 

on the. other one of eaid 



first 



11. The elflNBlQ^ wherein: 

(Staid .first and second elements each com- 
prises an inteffaeing surface for engaging tissue to 
t>e electfosurgicaily treated. 

said first arKt second electrodes each com- 
prises one or more electrode elements located on 
said intertadrig surfaces: and 

said first and second electrode elements are 
offset from one arKSther with respect to said interfac- 
ing surfaces. 
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isolated first and second elec< 
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